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(54) FUEL CELL SYSTEM AND ELECTRIC CAR MOUNTING IT AND STARTING CONTROL 
METHOD FOR FUEL CELL SYSTEM 



(57) In the case where internal temperature of fuel 
cells 40 has not reached a stationary level (step S26), a 
control unit 100 disconnects a secondary battery 60 
from an inverter 70 (step S28) and controls the drive of 
a motor 80 (step S30), in order to cause the motor 80 to 
consume electric power supplied from the fuel cells 40 
while the inverter 70 functions to prevent any torque 
from being produced at a drive shaft 82 of the motor 80. 
Such control enables the internal temperature of the 
fuel cells to be raised to the stationary level in a shortest 
possible time at the time of activating the fuel cells. 
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Description 

Technical Field 

[0001] The present invention relates to a technique 
that minimizes a time period required for raising internal 
temperature of fuel cells to a stationary level (that is, a 
preset temperature capable of generating a required 
output) at the time of activating the fuel cells. 

Background Art 

[0002] Fuel cells, which receive a supply of gase- 
ous fuel and generate electric power, have a high 
energy efficiency and are thereby promising as a power 
source of electric vehicles. In the case where the fuel 
cells are used as the power source of an electric vehi- 
cle, a motor is driven with the electric power generated 
by the fuel cells and outputs a torque, which is transmit- 
ted to an axle to give a propulsive force of the electric 
vehicle. The following problem, however, arises when 
the fuel cells are used as the power source of an electric 
vehicle. 

[0003] The fuel cells having low internal tempera- 
ture do not generate a sufficient output to fulfill a 
required output of the electric vehicle. It is accordingly 
required to raise the internal temperature of the fuel 
cells to the stationary level when the fuel cells are used 
as the power source of the electric vehicle. At the time 
of starting the electric vehicle, that is, at the time of acti- 
vating the fuel cells, the fuel cells have low internal tem- 
perature. It accordingly takes a relatively long time to 
raise the internal temperature of the fuel cells to the sta- 
tionary level with the Joule heat generated through elec- 
trochemical reactions. 

[0004] In order to solve such a problem, the prior art 
technique, for example, as disclosed in JAPANESE 
PATENT LAID-OPEN GAZETTE No. 58-23167, drives 
the motor by means of a secondary battery, which is 
connected, in parallel with the fuel cells, at the time of 
activating the fuel cells, cools down the motor with the 
air, and feeds the warm air, which has been heated 
through the motor-cooling process, to the fuel cells to 
raise the internal temperature of the fuel cells to the sta- 
tionary level in a shorter time period. 
[0005] Since a rotor and a stator included in the 
motor have large heat capacities, the temperature of the 
motor does not rise to a high level immediately after the 
start of the motor. The air that is used to cool down the 
motor and then fed to the fuel cells accordingly does not 
have a sufficiently high temperature at the time of start- 
ing the motor. This proposed technique thus requires 
some time to raise the internal temperature of the fuel 
cells to the stationary level at the time of activating the 
fuel cells. 

[0006] The object of the present invention is thus to 
solve the problems arising in the prior art techniques 
and to provide a fuel cells system that is capable of rais- 



ing internal temperature of fuel cells to a stationary level 
in a shortest possible time at the time of activating the 
fuel cells, as well as a method of controlling actuation of 
such a fuel cells system. 

5 

Disclosure of the Invention 

[0007] At least part of the above and the other 
related objects is attained by a first fuel cells system of 

10 the present invention including fuel cells that receive a 
supply of gaseous fuel and generate electric power. 
[0008] The first fuel cells system includes: a motor 
that is driven with the electric power output from the fuel 
cells; and a motor control unit that controls drive of the 

is motor. The motor control unit controls the drive of the 
motor, in order to cause the motor to consume the elec- 
tric power output from the fuel cells without producing 
any torque at a drive shaft of the motor at the time of 
activating the fuel cells. 

20 [0009] The present invention is also directed to a 
first method of controlling actuation of a fuel cells sys- 
tem, which includes: fuel cells that receive a supply of 
gaseous fuel and generate electric power; and a motor 
that is driven with the electric power output from the fuel 

25 cells. 

[001 0] The first method includes the steps of: 

(a) controlling activation of the fuel cells; 

(b) controlling drive of the motor, in order to cause 
30 the motor to consume the electric power output 

from the fuel cells without producing any torque at a 
drive shaft of the motor at the time of activating the 
fuel cells. 

35 [0011] The first fuel cells system of the present 
invention and the corresponding first method of control- 
ling actuation of the fuel cells system control drive of the 
motor, in order to cause the motor to consume electric 
power output from the fuel cells without producing any 

40 torque at the drive shaft of the motor. 

[0012] In the first fuel cells system of the present 
invention and the corresponding first method of control- 
ling actuation of the fuel cells system, at the time of acti- 
vating the fuel cells, the motor is controlled to consume 

45 the electric power output from the fuel cells at the time 
of activating the fuel cells. This arrangement causes the 
electric power to be forcibly drawn from the fuel cells 
and thereby enhances the electrochemical reactions 
proceeding in the fuel cells. The enhanced reactions 

so increase the Joule heat and enable the internal temper- 
ature of the fuel cells to be raised to the stationary level 
in a short time period. While the motor consumes the 
electric power, no torque is produced at the drive shaft 
of the motor. Namely the motor is not practically actu- 

55 ated under the condition of an insufficient output of the 
fuel cells. For example, in the case where the fuel cells 
system is mounted on 'the electric vehicle, the electric 
vehicle is not driven while the output of the fuel cells is 
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not sufficient for the required output of the electric vehi- 
cle. 

[0013] In accordance with one preferable applica- 
tion of the present invention, the first fuel cells system 
further includes a temperature detection unit that meas- 
ures internal temperature of the fuel cells. The motor 
control unit controls the drive of the motor to vary the 
electric power consumed by the motor according to the 
observed internal temperature. 
[0014] The arrangement of varying the electric 
power drawn out of the fuel cells according to the 
observed internal temperature of the fuel cells enables 
the internal temperature of the fuel cells to be raised to 
the stationary level at a high efficiency in a shorter time 
period without exceeding the allowable range of the 
electric power produced by the fuel cells. 
[0015] In accordance with another preferable appli- 
cation of the present invention, the first fuel cells system 
further includes: a secondary battery that is capable of 
supplying electric power to the motor, in order to drive 
the motor; and a battery supply regulation unit that reg- 
ulates a supply of electric power from the secondary 
battery to the motor. The battery supply regulation unit 
cuts off the supply of electric power from the secondary 
battery to the motor at the time of activating the fuel 
cells. 

[0016] In the structure including the secondary bat- 
tery, cutting off the supply of electric power from the 
secondary battery to the motor increases the rate of 
consumption of the electric power from the fuel cells by 
the motor and thereby the electric power drawn out of 
the fuel cells, thus enabling the internal temperature of 
the fuel cells to be raised to the stationary level in a 
shorter time period. 

[0017] In accordance with one preferable embodi- 
ment of the first fuel cells system, the motor control unit 
controls the drive of the motor, which is expressed as a 
d-q axes model, to make a value of electric current flow- 
ing through a q-axis winding substantially equal to zero 
and a value of electric current flowing through a d-axis 
winding equal to a predetermined value of not less than 
zero. 

[0018] Such control causes the motor to consume 
the electric power through the ohmic loss of the d-axis 
winding without producing any torque at the drive shaft. 
[0019] In the embodiment of controlling drive of the 
motor in the above manner, the first fuel cells system 
further includes a temperature detection unit that meas- 
ures internal temperature of the fuel cells. The motor 
control unit controls the drive of the motor to vary the 
value of electric current flowing through the d-axis wind- 
ing according to the observed internal temperature. 
[0020] This arrangement varies the value of electric 
current flowing through the d-axis winding according to 
the internal temperature of the fuel cells to vary the 
electric power consumed by the motor, thus enabling 
the internal temperature of the fuel cells to be raised to 
the stationary level at a high efficiency in a shorter time 



period. 

[0021] In accordance with still another preferable 
application of the present invention, the first fuel cells 
system further includes: a gaseous fuel generation unit 

5 that produces the gaseous fuel from a supply of crude 
fuel and feeds the produced gaseous fuel to the fuel 
cells; and a flow regulation unit that regulates a flow rate 
of the gaseous fuel fed from the gaseous fuel genera- 
tion unit to the fuel cells. The flow regulation unit 

w increases the flow rate of the gaseous fuel to be greater 
than a predetermined standard flow rate at the time of 
activating the fuel cells. 

[0022] The gaseous fuel fed from the gaseous fuel 
generation unit generally has a relatively high tempera- 
75 ture. Increasing the flow rate of the gaseous fuel sup- 
plied from the gaseous fuel generation unit to the fuel 
cells enables the internal temperature of the fuel cells to 
be raised to the stationary level in a further shorter time 
period. 

20 [0023] The present invention is also directed to a 
second fuel cells system having fuel cells that receive a 
supply of gaseous fuel and generate electric power. The 
fuel cells system includes: a gaseous fuel generation 
unit that produces the gaseous fuel from a supply of 

25 crude fuel and feeds the produced gaseous fuel to the 
fuel cells; and a flow regulation unit that regulates a flow 
rate of the gaseous fuel fed from the gaseous fuel gen- 
eration unit to the fuel cells. The flow regulation unit 
increases the flow rate of the gaseous fuel to be greater 

30 than a predetermined standard flow rate at the time of 
activating the fuel cells. 

[0024] The present invention is further directed to a 
second method of controlling actuation of a fuel cells 
system, which includes fuel cells that receive a supply 

35 of gaseous fuel and generate electric power, a gaseous 
fuel generation unit that produces the gaseous fuel from 
a supply of crude fuel and feeds the produced gaseous 
fuel to the fuel cells, and a flow regulation unit that reg- 
ulates a flow rate of the gaseous fuel fed from the gase- 

40 ous fuel generation unit to the fuel cells. 

[0025] The second method includes the steps of: 

(a) controlling the gaseous fuel generation unit and 
activation of the fuel cells; and 
45 (b) increasing the flow rate of the gaseous fuel to be 
greater than a predetermined standard flow rate at 
the time of activating the fuel cells. 

[0026] The second fuel cells system of the present 
so invention and the corresponding second method of con- 
trolling actuation of the fuel cells system increase the 
flow rate of the gaseous fuel fed from the gaseous fuel 
generation unit to the fuel cells to be greater than the 
predetermined standard flow rate at the time of activat- 
55 ing the fuel cells. 

[0027] The gaseous fuel fed from the gaseous fuel 
generation unit has a relatively high temperature. In the 
second fuel cells system and the corresponding second 
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method of controlling actuation of the fuel cells system, 
increasing the flow rate of the gaseous fuel fed from the 
gaseous fuel generation unit to the fuel cells at the time 
of activating the fuel cells thus enables the internal tem- 
perature of the fuel cells to be raised to the stationary 5 
level in a short time period. 

[0028] In the configuration of regulating the flow 
rate of the gaseous fuel in the above manner, it is pref- 
erable that the second fuel cells system further includes 
a temperature detection unit that measures internal 
temperature of the fuel cells and that the flow regulation 
unit returns the flow rate of the gaseous fuel to the pre- 
determined standard flow rate when the observed inter- 
nal temperature reaches a preset level. 
[0029] The arrangement of returning the flow rate of 
the gaseous fuel to the predetermined standard flow 
rate when the internal temperature of the fuel cells 
reaches the stationary level effectively prevents a 
wasteful, unnecessary supply of the gaseous fuel to the 
fuel cells. 

[0030] in accordance with one preferable applica- 
tion of the present invention, the second fuel cells sys- 
tem further includes a gaseous exhaust flow conduit 
that introduces an exhaust of the gaseous fuel dis- 
charged from the fuel cells into the gaseous fuel gener- 
ation unit. The gaseous fuel generation unit attains 
combustion of the introduced gaseous exhaust to obtain 
part of thermal energy required to produce the gaseous 
fuel. 

[0031] As described above, the increased flow rate 
of the gaseous fuel fed to the fuel cells at the time of 
activating the fuel cells may increase the quantity of the 
gaseous fuel that does not contribute to the power gen- 
eration in the fuel cells. This application causes the non- 
contributing portion of the gaseous fuel to be effectively 
used as the gaseous exhaust by the gaseous fuel gen- 
eration unit, thus preventing the waste of the gaseous 
fuel. 

[0032] The present invention is also directed to a 
first electric vehicle with a fuel cells system mounted 
thereon. Here the fuel cells system includes: fuel cells 
that receive a supply of gaseous fuel and generate elec- 
tric power; a motor that is driven with the electric power 
output from the fuel cells; and a motor control unit that 
controls drive of the motor. 

[0033] In the first electric vehicle, a torque produced 
at a drive shaft of the motor is transmitted to an axle to 
give a propulsive force of the electric vehicle. The motor 
control unit controls the drive of the motor, in order to 
cause the motor to consume the electric power output 
from the fuel cells without producing any torque at the 
drive shaft of the motor at the time of activating the fuel 
cells. 

[0034] The present invention is further directed to a 
second electric vehicle with a fuel cells system mounted 
thereon. Here the fuel cells system includes: fuel cells 
that receive a supply of gaseous fuel and generate elec- 
tric power; a gaseous fuel generation unit that produces 



the gaseous fuel from a supply of crude fuel and feeds 
the produced gaseous fuel to the fuel cells; and a flow 
regulation unit that regulates a flow rate of the gaseous 
fuel fed from the gaseous fuel generation unit to the fuel 
cells. 

[0035] In the second electric vehicle, a torque pro- 
duced at a drive shaft of a motor is transmitted to an 
axle to give a propulsive force of the electric vehicle. 
The flow regulation unit increases the flow rate of the 
gaseous fuel to be greater than a predetermined stand- 
ard flow rate at the time of activating the fuel cells. 
[0036] The first electric vehicle and the second 
electric vehicle of the present invention respectively 
have the above-specified fuel cells systems mounted 
thereon. These arrangements enable the internal tem- 
perature of the fuel cells to be raised to the stationary 
level in a short time period at the time of starting the 
electric vehicle. The electric vehicle thus quickly starts 
driving with the fuel cells in the stationary state. 

Brief Description of the Drawings 

[0037] 

Fig. 1 illustrates the structure of a fuel cells system 
in one embodiment of the present invention; 
Fig. 2 is a flowchart showing a processing routine at 
the time of actuating the fuel cells system 1 0 shown 
in Fig. 1; 

Fig. 3 shows the motor of Fig. 1 as a d-q axes 
model; and 

Fig. 4 is a graph showing voltage-current character- 
istics with regard to the internal temperature of the 
fuel cells 40 shown in Fig. 1 as a parameter. 

Best Modes of Carrying Out the Invention 

[0038] One mode of carrying out the present inven- 
tion is described below as a preferred embodiment. Fig. 
1 illustrates the structure of a fuel cells system in one 
embodiment of the present invention. The fuel cells sys- 
tem of the embodiment is mounted on an electric vehi- 
cle. 

[0039] The following describes the structure and 
the general functions of the fuel cells system shown in 
Fig. 1. The fuel cells system 10 shown in Fig. 1 mainly 
includes a methanol reservoir 22, a water reservoir 26, 
a reformer 30, fuel cells 40, a secondary battery 60, an 
inverter 70, a motor 80, and a control unit 100. 
[0040] The methanol reservoir 22 and the water 
reservoir 26 respectively store methanol and water 
therein. Pumps 23 and 27 are regulated in response to 
control signals output from the control unit 100. The 
pumps 23 and 27 respectively supply methanol stored 
in the methanol reservoir 22 and water stored in the 
water reservoir 26 to the reformer 30 via preset metha- 
nol and water supply conduits. A flow sensor 25 meas- 
ures a flow rate of methanol through the methanol 
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supply conduit, whereas a flow sensor 28 measures a 
flow rate of water through the water supply conduit. Both 
the flow sensors 25 and 28 transmit the results of the 
measurements to the control unit 1 00. 
[0041] The reformer 30 generates a hydrogen rich 
gas (reformed gas) containing hydrogen from supplies 
of water and methanol as a crude fuel through a steam 
reforming reaction of methanol expressed as Equation 
(1) given below: 

CH 3 OH + H 2 0 -> 3H 2 + C0 2 (1 ) 

[0042] More concretely the reformer 30 includes an 
evaporator unit and a reformer unit, neither of which is 
illustrated. The evaporator unit vaporizes the supplied 
water and methanol, produces a gaseous mixture of 
methanol and water, and supplies the gaseous mixture 
as a crude fuel gas to the reformer unit. 
[0043] The reformer unit is filled with a methanol 
reforming catalyst, such as a copper-zinc (Cu-Zn) cata- 
lyst. In the reformer unit, the crude fuel gas supplied 
from the evaporator unit is exposed to the methanol 
reforming catalyst, and the steam reforming reaction of 
methanol proceeds on the surface of the catalyst. With 
a progress of this reaction, hydrogen and carbon diox- 
ide are produced to generate a hydrogen rich gas. 
[0044] The steam reforming reaction of methanol 
proceeding in the reformer unit is endothermic as a 
whole. A burner 32 is disposed in the reformer 30 to 
supply heat required for the reaction. The burner 32 
generally receives a supply of methanol from the meth- 
anol reservoir 22 via a pump 24 and attains combustion 
of the supplied methanol as a fuel, so as to produce 
thermal energy required for the reformer unit. The 
burner 32 also produces thermal energy required for the 
evaporator unit to vaporize methanol and water. 
[0045] The pump 34 is regulated in response to a 
control signal output from the control unit 1 00 and feeds 
the hydrogen rich gas generated by the reformer 30 to 
the fuel cells 40 via a hydrogen rich gas supply conduit. 
A flow sensor 36 measures a flow rate of the hydrogen 
rich gas through the hydrogen rich gas supply conduit 
and transmits the results of the measurement to the 
control unit 100. 

[0046] The fuel cells 40 receive the supply of hydro- 
gen rich gas fed from the reformer 30 as a gaseous fuel 
and a supply of oxidizing gas (not shown) containing 
oxygen, and produce electric power through electro- 
chemical reactions expressed by Equations (2) through 
(4) given below: 

H 2 -» 2H + + 2e (2) 
2H + + 2e _ + (1/2)0 2 -> H 2 0 (3) 
H 2 + (1/2)0 2 -»H 2 0 (4) 
[0047] In this embodiment, the fuel cells 40 are pol- 



ymer electrolyte fuel cells and have a stack structure 
obtained by laying a plurality of unit cells (not shown) 
one upon another. Each unit cell includes an electrolyte 
membrane, an anode, a cathode, and a separator. The- 

5 supply of hydrogen rich gas is fed to the anode of each 
unit cell via a gaseous fuel conduit (not shown) to be 
subjected to the reaction expressed by Equation (2). 
The supply of oxidizing gas is, on the other hand, fed to' 
the cathode of each unit cell via an oxidizing gas flow 

10 conduit (not shown) to be subjected to the reaction 
expressed by Equation (3). Equation (4) represents the 
reaction proceeding in the fuel cells as a whole. 
[0048] The fuel cells 40 supply the electric power 
produced through these electrochemical reactions to 

15 the motor 80 via the inverter 70. 

[0049] A temperature sensor 42 measures internal 
temperature of the fuel cells 40 and transmits the results 
of the measurement to the control unit 100. 
[0050] A gaseous fuel exhaust flow conduit 120 

20 introduces a gaseous fuel exhaust (hydrogen rich gas 
exhaust) after the electrochemical reaction at the 
anodes in the fuel cells 40 to the burner 32 in the 
reformer 30 via a pump 122. 

[0051 ] Diodes 52 and 54 are disposed between the 
25 fuel cells 40 and the secondary battery 60, so as to 
cause the electric current to flow only in one direction 
between the fuel cells 40 and the inverter 70 or the sec- 
ondary battery 60. 

[0052] The secondary battery is connected in paral- 

30 lei with the fuel cells 40 described above, and like the 
fuel cells 40, supplies the electric power to the motor 80 
via the inverter 70. In this embodiment, a lead acid bat- 
tery is applied for the secondary battery 60. There are a 
variety of other applicable secondary batteries, such as 

35 a nickel -cadmium battery, a nickel- hydrogen battery, 
and a lithium secondary battery. The secondary battery 
60 has a power source capacity, which depends upon 
an expected driving state of the electric vehicle, that is, 
an expected magnitude of loading, and a power source 

40 capacity of the fuel cells 40 arranged in parallel. 

[0053] An SOC sensor 62 measures a state of 
charge of the secondary battery 60 and transmits the 
results of the measurement to the control unit 100. In a 
concrete example, the SOC sensor 62 includes an SOC 

45 meter that cumulates the products of the values of the 
charging and discharging electric current and the time 
in the secondary battery 60. The control unit 100 calcu- 
lates the state of charge of the secondary battery 60, 
based on the cumulative value. The SOC sensor 62 

so may include a voltage sensor that measures the output 
voltage of the secondary battery 60 or a specific gravity 
sensor that measures the specific gravity of an electro- 
lytic solution in the secondary battery 60, instead of the 
SOC meter. In such cases, the control unit 100 calcu- 

55 lates the state of charge of the secondary battery 60 
from the corresponding observed values. 
[0054] A secondary battery connecting switch 64 
connects and disconnects the secondary battery 60 
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with and from the inverter 70 in response to a control 
signal output from the control unit 100. 
[0055] The inverter 70 converts a d.c. voltage 
applied by the fuel cells 40 or the secondary battery 60 
into a three-phase a.c. voltage and supplies the con- 
verted three-phase a.c. voltage to the motor 80. The 
inverter 70 regulates the amplitude (actually, the pulse 
width) and the frequency of the three-phase a.c. voltage 
supplied to the motor 80 in response to a control signal 
output from the control unit 100, so as to adjust the 
torque produced by the motor 80. 
[0056] More concretely, the inverter 70 has six 
switching elements (for example, bipolar MOSFET 
(IGBT)) as main circuit elements. The switching opera- 
tions of these switching elements are regulated in 
response to a control signal output from the control unit 
100, so as to convert a d.c. voltage applied by the fuel 
cells 40 or the secondary battery 60 into a three-phase 
a.c. voltage having a desired amplitude and a desired 
frequency and supply the converted three-phase a.c. 
voltage to the motor 80. 

[0057] A current sensor 72 measures a value of 
electric current flown from the fuel cells 40 or the sec- 
ondary battery 60 to the inverter 70. Current sensors 
74, 76, and 78 respectively measure values of electric 
current flowing through a U phase, a V phase, and a W 
phase. These current sensors transmit the results of the 
measurements to the control unit 1 00. 
[0058] The motor 80 is, for example, a three-phase 
synchronous motor and is driven with the electric power 
supplied from the fuel cells 40 or the secondary battery 
60 via the inverter 70 to produce a torque at a drive 
shaft 82. The produced torque is transmitted to an axle 
90 via a gear 92 to give a rotational driving force to 
wheels 94. The electric vehicle thus gains the propul- 
sive force to run. 

[0059] A rotational angle sensor 84 measures a 
rotational angle of the drive shaft 82 of the motor 80 and 
transmits the results of the measurement to the control 
unit 100. 

[0060] An accelerator pedal position sensor 112 
measures a step-on amount of an accelerator pedal 1 1 0 
and transmits the results of the measurement to the 
control unit 100. 

[0061] As shown in Fig. 1, the control unit 100 
includes a controller 101 and an input-output port 108. 
The controller 101 includes a CPU 102, a ROM 104, 
and a RAM 106. The CPU 102 carries out required 
operations according to control programs, so as to 
implement series of processing and controls. The ROM 
104 is a memory; in which the control programs and 
control data used for execution of the operations are 
stored in advance. The RAM 106 is a memory; in which 
a variety of data obtained through execution of the oper- 
ations are temporarily stored. The input-output port 1 08 
transfers the input results of the measurements trans- 
mitted from the various sensors to the controller 101, 
and outputs a variety of control signals to the respective 



constituents according to the instructions of the control- 
ler 101. 

[0062] With referring to Fig. 2, the following 
describes the details of a processing routine executed 
5 at the time of starting the electric vehicle, that is, at the 
time of actuating the fuel cells system 1 0 shown in Fig. 
1. 

[0063] When the electric vehicle starts, the program 
enters the actuation routine shown in Fig. 2. The control 

10 unit 100 first drives the reformer 30 (step S20). In 
accordance with a concrete procedure, the control unit 
1 00 drives the pumps 23 and 27 to start the supply of 
methanol and water to the reformer 30, and drives the 
pump 24 to start combustion in the burner 32. The 

15 steam reforming reaction of methanol discussed previ- 
ously then arises in the reformer 30 to start generating 
the hydrogen rich gas. 

[0064] The control unit 100 then activates the fuel 
cells 40 (step S22). In accordance with a concrete pro- 

20 cedure, the control unit 1 00 drives the pump 34 to start 
the supply of the hydrogen rich gas generated by the 
reformer 30 to the fuel cells 40, and starts the supply of 
the oxidizing gas to the fuel cells 40 via the non-illus- 
trated mechanism. The electrochemical reactions dis- 

25 cussed previously then proceed in the fuel cells 40 to 
start generating electric power. 
[0065] The control unit 100 subsequently receives 
the result of the measurement from the temperature 
sensor 42 to specify the internal temperature of the fuel 

30 cells 40 (step S24), and determines whether or not the 
observed internal temperature reaches the stationary 
level, that is, the preset temperature enabling the fuel 
cells to produce a required output (step S26). At the 
time of activating the fuel cells 40, the fuel cells 40 gen- 

35 erally have low internal temperature, which has not yet 
reached the stationary level. The control unit 100 
accordingly proceeds to the processing of step S28. 
[0066] The control unit 100 drives the secondary 
battery connecting switch 64 to disconnect the second- 

40 any battery 60 from the inverter 70 (step S28). This 
operation cuts off the supply of electric power from the 
secondary battery 60 to the motor 80 and enables only 
the electric power generated by the fuel cells 40 to be 
supplied to the motor 80 via the inverter 70. The control 

45 unit 1 00 then controls the motor 80 via the inverter 70 to 
carry out a motor actuation-time control discussed 
below (step S30). 

[0067] In accordance with a concrete procedure, 
the control unit 1 00 controls the drive of the motor 80, so 
so as to cause the motor 80 to consume the electric power 
supplied from the fuel cells 40, while controlling the 
inverter 70 not to produce any torque at the drive shaft 
82 of the motor 80. 

[0068] Fig. 3 shows the motor of Fig. 1 as a d-q 
55 axes model. As mentioned previously, the motor 80 is a 
three-phase synchronous motor. In general, the motor 
is expressed equivalently by the d-q axes model as 
shown in Fig. 3. The axis passing through the center of 
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the motor and going along the magnetic field produced 
by a rotor 202 is generally referred to as the d axis, 
whereas the axis going perpendicular to the d axis in a 
surface of revolution of the rotor 202 is generally 
referred to as the q axis. Namely in the exemplified 5 
model of Fig. 3, the stator winding along the d axis is 
called a d-axis winding 204, and the stator winding 
along the q axis is called a q-axis winding 206. 
[0069] As clearly understood from Fig. 3, a torque T 
of the motor is dominated only by a q-axis electric cur- 
rent i q flowing through the q-axis winding 206. 
[0070] The torque T of the motor is defined by the q- 
axis electric current iq according to Equation (5) given 
below: 

T=J* 0 i q = K T i q (5) 

where § 0 denotes the magnitude of the field magnetic 
flux of the motor and K T denotes the torque constant. 
[0071] This equation shows that the q-axis electric 
current i q should be set equal to zero, in order to prevent 
the motor from producing any torque. 
[0072] The d-axis winding 204 is arranged at the 
specific position to have the magnetic flux from the rotor 
equal to zero, so that a d-axis electric current i d makes 
' no contributions to the torque production of the motor 
but generates an ohmic loss in the q-axis winding 206. 
[0073] Namely setting a value of greater than zero 
to the d-axis electric current i d ensures consumption of 
the electric power without causing the motor to produce 
any torque. 

[0074] In this embodiment, as described above, the 
control unit 100 carries out the motor actuation-time 
control via the inverter 70 and regulates the q-axis elec- 
tric current l q of the motor 80 to zero, in order to prevent 
any torque from being produced at the drive shaft 82 of 
the motor 80. Simultaneously the control unit 100 regu- 
lates the d-axis electric current i d to be greater than 
zero, in order to cause the motor 80 to forcibly consume 
the electric power through the ohmic loss in the q-axis 
winding 206. 

[0075] As a result of this control operation, the 
motor 80 consumes the electric power of the fuel cells 
40, and the electric power is forcibly drawn out of the 
fuel cells 40. The forcible output of the electric power 
* enhances the quantity of the electrochemical reactions 
proceeding in the fuel cells 40 for the purpose of com- 
pensation. This increases the Joule heat produced in 
the fuel cells 40 and abruptly raises the internal temper- 
ature of the fuel cells 40. The internal temperature of the 
fuel cells 40 is thus raised to the stationary level within a 
short time period. 

[0076] No torque is produced at the drive shaft 82 of 
the motor 80. While the output of the fuel cells 40 is not 
sufficient to satisfy the required output of the electric 
vehicle, the motor 80 is not driven to rotate the axle 90 



and drive the electric vehicle. 

[0077] As mentioned above, the supply of electric 
power from the secondary battery 60 to the motor 80 is 
cut off, so that the motor 80 consumes only the electric 
power generated by the fuel cells 40. This arrangement 
enables the electric power to be drawn out of the fuel 
cells with a high efficiency. 

[0078] In this embodiment, the control unit 100 
specifies the electric power to be consumed by the 
motor 80 according to the internal temperature of the 
fuel cells 40 measured by the temperature sensor 42, 
and regulates the d-axis electric current i d to a greater 
value than zero, which corresponds to the specified 
electric power. 

[0079] Fig. 4 is a graph showing voltage-current 
characteristics with regard to the internal temperature of 
the fuel cells 40 shown in Fig. 1 as a parameter. In the 
graph of Fig. 4, the internal temperature rises in the 
order of ta, tb, tc (ta < tb < tc). 

[0080] As shown in Fig. 4, the electric power (that 
is, the voltage x electric current) producible by the fuel 
cells 40 depends upon the internal temperature of the 
fuel cells 40. Under the condition of the low internal tem- 
perature (in the case of ta), the fuel cells 40 have only 
the small producible electric power. The amount of the 
producible electric power increases with an increase in 
internal temperature (ta -> tb -» tc). 
[0081] Under the condition of the low internal tem- 
perature of the fuel cells 40 (for example, in the case of 
ta), an excessively large value set to the electric power 
drawn out of the fuel cells 40 (that is, the electric power 
consumed by the motor 80) may exceed the electric 
power producible by the fuel cells 40 and result in 
abruptly decreasing the output voltage of the fuel cells 
40. 

[0082] In another example, the electric power 
drawn out of the fuel cells is fixed to a certain value cor- 
responding to the low internal temperature of the fuel 
cells 40 (for example, the certain, value is equal to an 
electric power less than the producible electric power 
under the condition of the low internal temperature), 
irrespective of a subsequent variation in internal tem- 
perature. In this case, even when the internal tempera- 
ture of the fuel cells 40 rises to increase the producible 
electric power, only the fixed electric power, which might 
be far less than the increased producible level, is drawn 
out of the fuel cells 40. This worsens the rising efficiency 
of the internal temperature. 

[0083] The technique of the embodiment regulates 
the electric power consumed by the motor 80 according 
to the internal temperature of the fuel cells 40, so as to 
cause the electric power drawn out of the fuel cells 40 
not to exceed but to be as close as possible to the pro- 
ducible electric power at each internal temperature of 
the fuel cells 40. In the case of the low internal temper- 
ature of the fuel cells 40, the value of the d-axis electric 
current i d is regulated to make the electric power con- 
sumed by the motor 80 a little less than the producible 
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electric power. With an increase in internal temperature, 
the value of the d-axis electric current i d is increased to 
gradually raise the electric power consumed by the 
motor 80. 

[0084] The control unit 100 refers to the results of 5 
the measurements transmitted from the temperature 
sensor 42 as well as the current sensor 72, the current 
sensors 74 through 78, and the rotational angle sensor 
84 and carries out the motor actuation-time control. 
[0085] The control unit 100 subsequently carries 
out a gas flow rate actuation -time regulation as dis- 
cussed below with regard to the pumps 34 and 122 and 
the other related elements (step S32). 
[0086] In accordance with a concrete procedure, 
the control unit 100 regulates the drive of the pump 34 
to increase the flow rate of the hydrogen rich gas sup- 
plied from the reformer 30 to the fuel cells 40 to be 
greater than a standard flow rate discussed later. 
[0087] In general, the quantity of the hydrogen rich 
gas to be supplied for the electrochemical reactions in 
the fuel cells is theoretically determined according to 
the required output of the fuel cells. In the actual state, 
however, it is required to supply some greater quantity 
of the hydrogen rich gas than the theoretically deter- 
mined quantity, in order to ensure the required output of 
the fuel cells. 

[0088] The technique of the present invention sets 
the actual flow rate of the hydrogen rich, gas, which is to 
be supplied to the fuel cells to ensure a desired output 
of the fuel cells, to a standard flow rate at the desired 
output. The standard flow rate is set at every output of 
the fuel cells according to the structure and the perform- 
ance of each individual set of fuel cells. 
[0089] An increase in quantity of the hydrogen rich 
gas generated by the reformer 30 is required to raise 
the flow rate of the hydrogen rich gas. The control unit 
1 00 accordingly controls the drive of the pumps 23 and 
27 to increase the flow rate of methanol supplied from 
the methanol reservoir 22 to the reformer 30 and the 
flow rate of water supplied from the water reservoir 26 to 
the reformer 30 with a required increase in flow rate of 
the hydrogen rich gas. 

[0090] As described previously, the burner 32 pro- 
duces the thermal energy in the reformer 30, so that the 
hydrogen rich gas output from the reformer 30 has a rel- 
atively high temperature. Raising the flow rate of the 
hydrogen rich gas supplied from the reformer 30 to the 
fuel cells 40 causes a large quantity of the hydrogen rich 
gas having a relatively high temperature to be flown into 
the fuel cells 40. This flow also makes contributions to 
raise the internal temperature of the fuel cells to the sta- 
tionary level within a short time period. 
[0091] Raising the flow rate of the hydrogen rich 
gas supplied from the reformer 30 to the fuel cells 40 
also increases the quantity of the gaseous fuel exhaust, 
that is, the exhaust of the hydrogen rich gas, discharged 
from the fuel cells 40. When the flow rate of the hydro- 
gen rich gas supplied to the fuel cells 40 is greater than 



the standard flow rate, the quantity of hydrogen is in 
excess in the fuel cells 40. The quantity of hydrogen not 
involved in the electrochemical reactions increases 
accordingly. This raises the quantity of hydrogen 
remaining in the gaseous fuel exhaust discharged from 
the fuel cells 40. Rejecting the gaseous fuel exhaust 
results in waste of the valuable resource. 
[0092] In this embodiment, the control unit 1 00 con- 
trols the drive of the pump 122, in addition to the above 
control, so as to supply the gaseous fuel exhaust dis- 
charged from the fuel cells 40 to the burner 32 in the 
reformer 30 via the gaseous fuel exhaust flow conduit 
120. » 
[0093] This enables hydrogen remaining in the gas- 
eous fuel exhaust to be subjected to combustion as a 
fuel in the burner 32, thus ensuring the effective use of 
hydrogen and preventing the wasteful consumption of 
the valuable resource. 

[0094] The control unit 1 00 returns to the process- 
ing of step S24 and specifies the internal temperature of 
the fuel cells 40 based on the result of the measurement 
transmitted from the temperature sensor 42. The above 
series of the processing is repeated until the internal 
temperature of the fuel cells 40 reaches the stationary 
level. 

[0095] When the internal temperature of the fuel 
cells 40 eventually reaches the stationary level, the con- 
trol unit 1 00 goes out of the above series of the process- 
ing loop and proceeds to the processing of step S34. 
[0096] At step S34, the control unit 100 drives the 
secondary battery connecting switch 64 to connect the 
secondary battery 60 with the inverter 70. This connec- 
tion enables the electric power output from the second- 
ary battery 60 as well as the electric power generated 
by the fuel cells 40 to be supplied to the motor 80 via the 
inverter 70. 

[0097] The control unit 100 subsequently controls 
the motor 80 via the inverter 70 to carry out a standard 
motor control, in place of the motor actuation -time con- 
trol discussed previously (step S36). In accordance with 
a concrete procedure, the control unit 1 00 calculates a 
required output, for example, from the result of the 
measurement transmitted from the accelerator pedal 
position sensor 112 and supplies the electric power out- 
put from the fuel cells 40 and the electric power output 
from the secondary battery 60 to the motor 80 via the 
inverter 70, so as to produce a required torque at the 
drive shaft 82. The torque thus produced is transmitted 
to the axle 90 to drive the electric vehicle. 
[0098] The control unit 100 refers to the results of 
the measurements transmitted from the accelerator 
pedal position sensor 1 12 as well as the current sensor 
72, the current sensors 74 through 78, the rotational 
angle sensor 84, and the SOC sensor 62 and controls 
the drive of the motor 80. 

[0099] Once the internal temperature of the fuel 
cells 40 reaches the stationary level, the fuel cells 40 
can generate a sufficient output to fulfill the required 
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output of the electric vehicle. No problems accordingly 
arise by changing over the drive control of the motor 80 
to the standard control at the stationary time. No prob- 
lems arise through the connection of the secondary bat- 
tery 60 to allow the supply of electric power from the 5 
secondary battery 60 to the motor 80. 
[0100] The control unit 100 subsequently carries 
out a gas flow rate actuation -time regulation with regard 
to the pump 34 and the other related elements (step 
S38). In accordance with a concrete procedure, the 10 
control unit 100 controls the drive of the pump 34 to 
return the flow rate of the hydrogen rich gas supplied 
from the reformer 30 to the fuel cells 40 to the standard 
flow rate discussed previously, and controls the drive of 
the pumps 23 and 27'to regulate the flow rates of meth- 15 
anol and water supplied to the reformer 30 according to 
the flow rate of the hydrogen rich gas. 
[0101] After the drive control of the motor 80 and 
the flow rate regulation of the hydrogen rich gas are 
returned to the standard control and regulation at the 20 
stationary time, the program exits from the series of the 
actuation processing discussed above. 
[0102] As described above, the technique of this 
embodiment causes the electric power to be forcibly 
drawn out of the fuel cells 40 at the time of activating the 25 
fuel cells 40, so as to increase the Joule heat produced 
in the fuel cells 40 and thereby raise the internal temper- 
ature of the fuel cells 40 to the stationary level within a 
short time period. At this moment, no torque is pro- 
duced at the drive shaft 82 of the motor 80. While the 30 
output of the fuel cells 40 is not sufficient to satisfy the 
required output of the electric vehicle, the electric vehi- 
cle does not start running. 

[0103] At the time of activating the fuel cells 40, 
raising the flow rate of the hydrogen rich gas supplied 35 
from the reformer 30 to the fuel cells 40 causes a large 
quantity of the hydrogen rich gas having a relatively high 
temperature to be flown into the fuel cells 40. This flow 
also makes contributions to raise the internal tempera- 
ture of the fuel cells to the stationary level within a short 40 
time period. 

[0104] The present invention is not restricted to the 
above embodiment or its modifications, but there may 
be many other modifications, changes, and alterations 
without departing from the scope or spirit of the main 45 
characteristics of the present invention. 
[01 05] The procedure of the embodiment discussed 
above carries out both the motor actuation-time control 
(step S30) and the gas flow rate actuation-time regula- 
tion (step S32) at the time of activating the fuel cells 40. so 
Only either one of the control and the regulation may 
alternatively be performed according to the require- 
ments. 

[0106] In the procedure of the embodiment, the 
secondary battery 60 is disconnected from the inverter 55 
70 at the time of activating the fuel cells 40. In the case 
where it is desirable to consume the electric power out- 
put from the secondary battery 60, the disconnection 



may be omitted. 

[0107] In the embodiment discussed above, the 
motor 80 connected to the axle 90 of the electric vehicle 
consumes the electric power output from the fuel cells 
40 at the time of activating the fuel cells 40. The tech- 
nique of the present invention is, however, not restricted 
to this motor but is applicable to any other motors 
mounted on the electric vehicle for any other purposes. 
[0108] The reformer 30 uses methanol as the crude 
fuel for producing the hydrogen rich gas. A hydrocarbon 
other than methanol, for example, methane or gasoline, 
may be used as the crude fuel and reformed to produce 
the hydrogen rich gas. The reforming reaction proceed- 
ing in the reformer 30 may be a partial oxidation reform- 
ing reaction, in place of or in addition to the steam 
reforming reaction. The structure of reforming the crude 
fuel and producing the gaseous fuel discussed above 
may be replaced by the structure with a hydrogen stor- 
age unit using gaseous hydrogen as the gaseous fuel. 
[01 09] The fuel cells 40 are not restricted to the pol- 
ymer electrolyte fuel cells, but may be other types of fuel 
cells, such as phosphate fuel cells and solid electrolyte 
fuel cells. 

Industrial Applicability 

" [0110] The technique of the present invention is not 
restricted to the electric vehicles with the fuel cells sys- 
tem mounted thereon, but is industrially applicable to 
any other transportation with the fuel cells system 
mounted thereon, for example, vehicles, ships, and air- 
craft, and any commercial and domestic electrical 
equipment to which the fuel cells system is applied. 

Claims 

1. A fuel cells system having fuel cells that receive a 
supply of gaseous fuel and generate electric power, 
said fuel cells system comprising: 

a motor that is driven with the electric power 

output from said fuel cells; and 

a motor control unit that controls drive of said 

motor, 

wherein said motor control unit controls the 
drive of said motor, in order to cause said motor 
to consume the electric power output from said 
fuel cells without producing any torque at a 
drive shaft of said motor at the time of activat- 
ing said fuel cells. 

2. A fuel cells system in accordance with claim 1 , said 
fuel cells system further comprising: 

a temperature detection unit that measures 
internal temperature of said fuel cells, 
wherein said motor control unit controls the 
drive of said motor to vary the electric power 
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consumed by said motor according to the 
observed internal temperature. 

3. A fuel cells system in accordance with claim 1 , said 
fuel cells system further comprising: 

a secondary battery that is capable of supply- 
ing electric power to said motor, in order to 
drive said motor; and 

a battery supply regulation unit that regulates a 
supply of electric power from said secondary 
battery to said motor, 

wherein said battery supply regulation unit cuts 
off the supply of electric power from said sec- 
ondary battery to said motor at the time of acti- 
vating said fuel cells. 

4. A fuel cells system in accordance with claim 1, 
wherein said motor control unit controls the drive of 
said motor, which is expressed as a d-q axes 
model, to make a value of electric current flowing 
through a q-axis winding substantially equal to zero 
and a value of electric current flowing through a d- 
axis winding equal to a predetermined value of not 
less than zero. 

5. A fuel cells system in accordance with claim 4, said 
fuel cells system further comprising: 

a temperature detection unit that measures 
internal temperature of said fuel cells, 
wherein said motor control unit controls the 
drive of said motor to vary the value of electric 
current flowing through said d-axis winding 
according to the observed internal tempera- 
ture. 

6. A fuel cells system in accordance with claim 1 , said 
fuel cells system further comprising: 

a gaseous fuel generation unit that produces 
the gaseous fuel from a supply of crude fuel 
and feeds the produced gaseous fuel to said 
fuel cells; and 

a flow regulation unit that regulates a flow rate 
of the gaseous fuel fed from said gaseous fuel 
generation unit to said fuel cells, 
wherein said flow regulation unit increases the 
flow rate of the gaseous fuel to be greater than 
a predetermined standard flow rate at the time 
of activating said fuel cells. 

7. A fuel cells system in accordance with claim 6, said 
fuel cells system further comprising: 

a temperature detection unit that measures 
internal temperature of said fuel cells, 
wherein said flow regulation unit returns the 



flow rate of the gaseous fuel to the predeter- 
mined standard flow rate when the observed 
internal temperature reaches a preset level. 

5 8. A fuel cells system having fuel ceils that receive a 
supply of gaseous fuel and generate electric power, 
said fuel cells system comprising: 

a gaseous fuel generation unit that produces 
the gaseous fuel from a supply of crude fuel 
and feeds the produced gaseous fuel to said 
fuel cells; and 

a flow regulation unit that regulates a flow rate 
of the gaseous fuel fed from said gaseous fuel 
generation unit to said fuel cells, 
wherein said flow regulation unit increases the 
flow rate of the gaseous fuel to be greater than 
a predetermined standard flow rate at the time 
of activating said fuel cells. 

9. A fuel cells system in accordance with claim 8, said 
fuel cells system further comprising: 

a temperature detection unit that measures 
internal temperature of said fuel cells, 
wherein said flow regulation unit returns the 
flow rate of the gaseous fuel to the predeter- 
mined standard flow rate when the observed 
internal temperature reaches a preset level. 

10. A fuel cells system in accordance with claim 8, said 
fuel cells system further comprising: 

a gaseous exhaust flow conduit that introduces 
an exhaust of the gaseous fuel discharged 
from said fuel cells into said gaseous fuel gen- 
eration unit, 

wherein said gaseous fuel generation unit 
attains combustion of the introduced gaseous 
exhaust to obtain part of thermal energy 
required to produce the gaseous fuel. 

1 1 . An electric vehicle with a fuel cells system mounted 
thereon, 

said fuel cells system comprising: 
fuel cells that receive a supply of gaseous fuel 
and generate electric power; 
a motor that is driven with the electric power 
output from said fuel cells; and 
a motor control unit that controls drive of said 
motor, 

wherein a torque produced at a drive shaft of 
said motor is transmitted to an axle to give a 
propulsive force of said electric vehicle, and 
said motor control unit controls the drive of said 
motor, in order to cause said motor to consume 
the electric power output from said fuel cells 



15 



20 



25 



30 



35 



40 



45 



50 



55 



10 



19 



EP 1 091 436 A1 



20 



without producing any torque at the drive shaft 
of said motor at the time of activating said fuel 
cells. 

12. An electric vehicle with a fuel cells system mounted 5 
thereon, 

said fuel cells system comprising: 
fuel cells that receive a supply of gaseous fuel 
and generate electric power; 10 
a gaseous fuel generation unit that produces 
the gaseous fuel from a supply of crude fuel 
and feeds the produced gaseous fuel to said 
fuel cells; and 

a flow regulation unit that regulates a flow rate 15 
of the gaseous fuel fed from said gaseous fuel 
generation unit to said fuel cells, 
wherein a torque produced at a drive shaft of a 
motor is transmitted to an axle to give a propul- 
sive force of said electric vehicle, and 20 
said flow regulation unit increases the flow rate 
of the gaseous fuel to be greater than a prede- 
termined standard flow rate at the time of acti- 
vating said fuel cells. 

25 

13. A method of controlling actuation of a fuel cells sys- 
tem, which comprises fuel cells that receive a sup- 
ply of gaseous fuel and generate electric power and 
a motor that is driven with the electric power output 
from said fuel cells, 30 

said method comprising the steps of:. 

(a) controlling activation of said fuel cells; 
and 35 

(b) controlling drive of said motor, in order 
to cause said motor to consume the elec- 
tric power output from said fuel cells with- 
out producing any torque at a drive shaft of 
said motor at the time of activating said 40 
fuel cells. 

14. A method of controlling actuation of a fuel cells sys- 
tem, which comprises fuel cells that receive a sup- 
ply of gaseous fuel and generate electric power, a 45 
gaseous fuel generation unit that produces the gas- 
eous fuel from a supply of crude fuel and feeds the 
produced gaseous fuel to said fuel cells, and a flow 
regulation unit that regulates a flow rate of the gas- 
eous fuel fed from said gaseous fuel generation unit so 
to said fuel cells, 

said method comprising the steps of: 

(a) controlling said gaseous fuel genera- 55 
tion unit and activation of said fuel cells; 
and 

(b) increasing the flow rate of the gaseous 



fuel to be greater than a predetermined 
standard flow rate at the time of activating 
said fuel cells. 
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